The aims of the present study were to determine the prevalence of human herpesvirus type 8 (HHV-8) in HIV-positive Brazilian patients with (HIV+/KS+) and without Kaposis sarcoma (HIV+/KS-) using PCR and immunofluorescence assays, to assess its association with KS disease, to evaluate the performance of these tests in detecting HHV-8 infection, and to investigate the association between anti-HHV-8 antibody titers, CD4 counts and staging of KS disease. Blood samples from 66 patients, 39 HIV+/KS+ and 27 HIV+/KS-, were analyzed for HHV-8 viremia in peripheral blood mononuclear cells by PCR and HHV-8 antigenemia for latent and lytic infection by immunofluorescence assay. Positive samples for latent nuclear HHV-8 antigen (LNA) antibodies were titrated out from 1/100 to 1/409,600 dilution. Clinical information was collected from medical records and risk behavior was assessed through an interview. HHV-8 DNA sequences were detected by PCR in 74.3% of KS+ patients and in 3.7% of KS-patients. Serological assays were similar in detecting anti-LNA antibodies and anti-lytic antigens in sera from KS+ patients (79.5%) and KS-patients (18.5%). HHV-8 was associated with KS whatever the method used, i.e., PCR (odds ratio (OR) = 7.4, 95% confidence interval (CI) = 2.16-25.61) or anti-LNA and anti-lytic antibodies (OR = 17.0, 95%CI = 4.91-59.14). Among KS+ patients, HHV-8 titration levels correlated positively with CD4 counts (rho 0.48, P = 0.02), but not with KS staging. HHV-8 is involved in the development of KS in different geographic areas worldwide, as it is in Brazil, where HHV-8 is more frequent among HIV+ patients. KS severity was associated with immunodeficiency, but no correlation was found between HHV-8 antibody titers and KS staging.
Introduction
Kaposis sarcoma-associated herpesvirus (KSHV) or human herpesvirus type 8 (HHV-8) has been frequently detected in lesions and peripheral blood mononuclear cells (PBMC) from patients with all forms of Kaposis sarcoma (KS) disease (1, 2) , as well as in specific types of AIDS-associated lymphomas (3, 4) . The prevalence of HHV-8 in the general population is low, and many studies have suggested that there is a close association between HHV-8 and KS (1, (5) (6) (7) (8) . HHV-8 is frequently detected in KS-positive patients with and without HIV infection in Africa (9, 10) and in other areas where KS is endemic, such as Mediterranean and eastern European countries (9) . In western countries where KS is predominantly associated with HIV infection, HHV-8 is frequently detected in patients with AIDS-related KS (1, 5, 6, 11, 12) , though it has also been found in HIVnegative patients with KS, and in healthy individuals the infection is not common (13) (14) (15) .
In Brazil, the prevalence of HHV-8 is not well established. Some studies have shown that HHV-8 infection is associated with KS, male gender, homosexual orientation and HIV and hepatitis B virus infection (8, 15) . Recently, however, immunofluorescence studies identified a new subtype of HHV-8, subtype E, detected in different tribes of Brazilian Amerindians in the north region of Brazil. HIV or KS disease was not identified in these populations and the transmission of HHV-8 seems to be by the oral rather than the sexual route (16) .
The present study was devised to determine the prevalence of HHV-8 infection in HIV-positive patients with and without KS, comparing results from PCR and two serological assays, and also to evaluate its association with KS disease. The correlation between antibody titers and the different stages of KS disease, as well as with the number of CD4 cells, was investigated.
Material and Methods

Description of the study and sample composition
A cross-sectional study was conducted from January 1997 to February 1998 at two STD/AIDS clinics in Vitória and São Paulo, by examining two groups of HIV-positive patients. The first group consisted of all patients aged 18 and above diagnosed with KS (KS group) confirmed by histological examination who were attending the clinics for follow-up during the study period. A total of 39 patients out of 40 patients selected (refusal rate was 2.5%) agreed to participate. The second group was formed by 27 HIV-seropositive patients aged 18 and above without KS or any clinical indication of KS, who were randomly selected from the same clinics, also attending follow-up consultations. Although the HIV serostatus of all patients was already known, they were retested by ELISA (Abbott do Brasil, São Paulo, SP, Brazil and Organon Teknika, São Paulo, SP, Brazil) and confirmed by immunofluorescence assay (IFA; Fiocruz, Rio de Janeiro, RJ, Brazil), as part of the study protocol. Demographic information and patterns of risk behavior were collected during a structured face-to-face interview. Clinical information, latest CD4 count and HIV viral load were taken from medical records. A blood specimen was collected immediately after the interview in order to perform serological testing and PCR for HHV-8. All patients gave written consent to take part in the study. The protocol was approved by the Ethics Committees of the participating hospitals.
The KS group was further classified according to clinical presentation in terms of number of lesions and organs affected (17) , and 72 o C for 5 min (1 cycle). The amplification products were visualized on 2% agarose gel containing ethidium bromide and were scored for the presence or absence of the 233-bp DNA fragment. Genomic DNA from BCP-1 cells (HHV-8 positive and Epstein-Bar virus negative) was used as a positive control, and buffer used in the extraction of DNA or water was used as negative control. The DNA of all patients was subjected to more than one PCR cycle to confirm the results.
Southern blot. PCR fragments on the agarose gel were transferred to nylon membranes and submitted to Southern blot hybridization with a 25-bp internal oligonucleotide end-labeled with ( 32 P) deoxycytidine triphosphate. PCR was considered positive only if PCR products hybridized specifically in the expected 233-bp region.
Immunofluorescence assay. All serum samples were blindly analyzed by indirect IFA for the detection of human IgG antibodies against a latent nuclear HHV-8 antigen (LNA-1). Briefly, BCP-1 cells latently infected with HHV-8 were fixed in 4% paraformaldehyde and permeabilized with 0.2% Triton X-100. Serum samples diluted (1:100) in PBS with 3% FBS were incubated with the cells on slides for 45 min at room temperature and after several washes rabbit antihuman IgG FITC antibody (diluted 1:60) was added for 20 min. The slides were examined by fluorescence microscopy and serum samples were considered IFA positive for anti-LNA-1 antibody if they gave a punctate nuclear pattern in BCP-1 nuclei at 1:100 dilution. All experiments were conducted with positive and negative serum controls. Positive samples were further titrated up to 1/409,600 dilution. To detect lytic antigens, BCP-1 cells were treated with 20 ng/ml TPA for 4 days to induce replication of HHV-8.
Statistical analysis
All data collected were coded and stored in a dataset using the Statistical Package for the Social Sciences. Standard descriptive methods were used: mean and standard deviation (SD) for quantitative variables and frequency distribution for qualitative data. Prevalence of HHV-8 and confidence intervals (CI) were determined for each group. The association between HHV-8 and KS was evaluated by the chi-square test with continuity correction. Odds ratios (OR) and CI were also calculated to estimate the magnitude of such association. The Student t-test for two independent samples was used to assess mean differences between groups. The agreement between LNA, lytic and PCR test results was assessed by the kappa (k) statistics. Spearmans rho (r) correlation coefficient was calculated to evaluate the correlation between HHV-8 anti-LNA titers and stage of KS disease and CD4 counts. A significance level of 0.05, two-tailed, was used for all tests.
negative. Both groups were mainly composed of single young men (Table 1) . Regarding risk behaviors for HIV infection (Table 1) , a higher frequency of men with homosexual contact was observed in the KSpositive group compared to the KS-negative group (P = 0.008). Unprotected sex was frequently observed in both groups. Although use of condoms after HIV seropositivity was more commonly reported by KS-negative patients, the difference was not statistically significant (P = 0.2).
Clinical information is shown in Table 2 . All KS patients presented cutaneous lesions. Four (10.3%) of them were classified as KS stage I, 14 (35.9%) as stage II, and 21 (53.8%) patients were in KS stage IV. KS was the AIDS-defining illness in 25 patients (64.1%); of these, the diagnosis of KS and HIV was made at the same time in 13 (52.0%) patients, and for the remaining 12 (48.0%) the mean time since HIV seropositivity was 4.4 years (SD 2.9). In 12 (30.8%) patients the onset of KS occurred about 10 months (SD 4.2) after the diagnosis of AIDS, and for 2 patients such data were not available. Among the opportunistic infections, oropharyngeal candidiasis and tuberculosis were the most common in both groups. There was no difference between groups regarding HIV viral load (P = 0.72, t-test). However, CD4 counts were significantly lower among KS-positive patients (P = 0.001, t-test).
HHV-8 prevalence
The presence of HHV-8 infection was assessed by PCR, anti-LNA IFA and antilytic IFA. The yield prevalence rates and respective confidence intervals are presented in Table 3 . Using PCR, 74.4% (29/39) of the KS-positive patients and 3.7% (1/27) of the KS-negative patients were positive for the KS330 sequence. LNA and lytic assays detected the same number of HHV-8-positive patients in each group, 31 (79.5%) in the KSpositive group and 5 (18.5%) in the KS- 
Results
Study population
Sixty-six HIV-1-infected patients were studied, 39 of them KS positive and 27 KS HHV-8 infection associated with Kaposi's sarcoma in Brazil negative group; of these, 24 (77.4%) and 3 (60.0%), respectively, were detected by both antigens. Thirty-eight (97.4%) of the KS patients were found to be HHV-8 seropositive by both serological tests.
Performance of and agreement between the HHV-8 detection tests
The results obtained with each test were compared and are shown in Table 4 . The agreement between LNA and lytic tests was 73% (k = 0.450, P = 0.000) and the agreement between LNA or lytic test and PCR was 76% (k = 0.519, P = 0.000). All patients who were HHV-8 positive by PCR were also positive for one or both serological tests. When patients were stratified by CD4 count, the agreement between tests was significantly higher for those with less severe immunodeficiency (CD4 >200 cells/mm 3 ).
Association between HHV-8 and KS
The association between HHV-8 and KS was examined. Whatever the method used to detect HHV-8 in the KS-positive and KSnegative groups, a strong association with KS disease was observed (PCR: OR = 7.4, 95%CI = 2.16-25.61; anti-LNA and antilytic antibodies: OR = 17.0, 95%CI = 4.91-59.14).
Association between KS staging, anti-LNA antibodies and immunodeficiency
When considering all HHV-8-positive patients with and without KS, no correlation was observed between the magnitude of anti-LNA antibody titers and CD4 counts (Spearmans r = 0.28, P = 0.16). However, among the HHV-8-positive patients who were KS positive, titration levels correlated positively with CD4 counts (r = 0.48, P = 0.02), but not with KS staging (r = -0.18, P = 0.34).
We also investigated if immunodeficiency of patients was associated with KS severity ( Table 5 ). We observed that CD4 cell counts decreased with increasing disease severity (KS stage I to KS stage IV), showing a correlation between immunodeficiency and KS progression (r = -0.42, P = 0.025). No correlation was found between KS staging and anti-LNA titers (r = 0.048, P = 0.78).
Discussion
Many studies have shown that infection with HHV-8 is strongly associated with the development of KS (1,5-7) . They have examined HHV-8 DNA extracted from lesions, PBMC and other sites in HIV-positive and -negative patients, as well as in healthy people. In the present study, such association was also observed when we looked for HHV-8 DNA sequences in PBMC and anti-LNA and anti-lytic antibodies in the serum of HIV-positive patients with KS with various levels of disease severity and in patients without KS.
Our findings showed that the prevalence of HHV-8 in HIV-positive patients with or without KS was high: 97.4% of KS-positive patients and 26% of the KS-negative patients were positive for HHV-8 in at least one serological test. Among the three methods used, PCR produced less positive results than both serological methods, a pattern that has been frequently observed in other studies (5, 6, 18) . HHV-8 DNA sequences are detected by PCR in almost 100% of tumor lesions of KS patients. In PBMC, however, the frequency of HHV-8 detection is variable, ranging from 50 to 93% in different geographic regions and different populations (16, (18) (19) (20) (21) (22) (23) . In the present study, 29 (75%) HIV-positive patients with KS and only 1 (3.7%) in the KS-negative group were found to be HHV-8 positive by PCR, while 31 (79.5%) and 5 (18.5%), respectively, were detected by the serological tests. All patients that were PCR positive were also positive when tested by the serological methods. Our results, in agreement with other studies (14, 18) , showed that the currently available serological tests are not able to detect individually all positive patients, and more than one test is needed to achieve the best results (Table 3) .
Agreement between assays for the detection of HHV-8 antibodies has been limited, in part because assays have not been conducted in a standardized fashion, but also because they identify different antigens or antibodies expressed at different times during the viral cycle. When analyzing all patients (KS positive and KS negative) the concordance between the tests was higher between LNA or lytic tests and PCR than between LNA and lytic tests (76 and 73%, respectively). However, when patients were grouped according to their CD4 counts, the agreement between tests was better in the group with CD4 >200 cells/mm 3 than in the group of patients with lower CD4 counts. It is not known whether HHV-8 antibody production is affected by immunosuppression in these patients, but these results suggest that if serum is tested with only one type of antigen or antibody, not all infected persons shall be identified.
To verify if anti-LNA antibody titers and CD4 counts could be related to the severity of KS disease, patients were classified into groups according to the location and number of lesions. As expected, CD4 counts decreased from KS-negative patients to KSpositive stage IV patients. However, the titers in the different groups ranged from 1:100 to 1:204,800 and did not fully correlate with the stage or the length of KS disease. One patient with KS lesions in the skin and mouth (subgroup KS IV) had negative results in all three assays. This patient was a 27-year-old heterosexual man, who had been diagnosed with KS for 4 months and with HIV infection for 18 months. Except in one case, patients with the shortest times of KS disease (<1 year) showed the lowest anti-LNA titers independently of their KS stage. All these patients had CD4 counts under 200 cells/ mm 3 , showing that immune suppression was an important factor for the development of KS, but not for the progression to severe disease. Min and Katzenstein (24) reported similar results showing that HIV-positive patients with KS had lower CD4 counts and higher HIV RNA load than HIV-positive patients without KS.
In the KS-negative group, HHV-8 antibody titers were lower than in KS-positive patients. Five samples (18.5%) showed an anti-HHV-8 antibody titer ranging from 1:100 to 1:12,800. These findings express the prevalence of the virus in the population attending STD clinics, but this rate is higher than that found in Brazil among HIV-negative/KSnegative individuals (3.7%) and blood donors (4.6%) (8) . Two of the 5 samples showed low anti-LNA antibody titers and were negative by both lytic IFA and PCR and the other 3 were positive by PCR or lytic antibodies. These HHV-8-positive/KS-negative patients will be followed up to check if the antibody titers are predictive of KS, as previously shown by other investigators (25, 26) .
Our findings show that HHV-8 infection is strongly associated with KS in HIV-positive Brazilian patients, in agreement with previous reports (1, 5, 8, 11) . Using a combination of PCR and IFA, a high prevalence of HHV-8 was observed both in patients with KS (97%) and without KS (26%). None of the tests used was able to individually detect HHV-8 in all patients who tested HHV-8 positive. Although we did not find any association between the serological results of HHV-8 infection and the severity of KS disease, immunity expressed by CD4 counts was an important factor associated with the development of KS. Longitudinal studies with KS-negative patients presenting HHV-8 antibodies will be needed to better understand the role of HHV-8 in the pathogenesis of KS disease.
